It is an honor to participate in this symposium on epidemiology on the occasion of the dedication of the magnificent new physical facility designed to house the Department of Epidemiology and Public Health at Yale. That the facility is a collaborative venture and also houses the home laboratories of the arbovirus program of the Rockefeller Foundation can only be viewed as a singularly logical development that will yield substantial benefits to mankind. Indeed, at this point in history, when the unenlightened confidently predict the eradication in the near term of the gamut of infectious diseases that plague man, it becomes ever more essential that the few scientists who maintain an interest in the ecology and epidemiology of infectious diseases receive continued and increased support. For one can unfortunately anticipate that in a constantly changing human ecology, man will be compelled to wage a never ending battle with his pathogens, and that old problems in the field of infectious diseases will be replaced by a continuing series of new ones. Furthermore, an expanding global population will compound our difficulties. Yet we cannot expect mankind to contain his reproductive potential, unless we prevent premature deaths and ill health induced by infectious entities. Voluntary control of reproduction is to be expected as a concomitant of the economic and social advances achieved by a healthy society at such a time as that society becomes convinced that a reduced number of children can reasonably be expected to survive to maturity. When considered in this broad context, the social significance of the Yale-Rockefeller program needs no further emphasis.
Theobald Smith referred to the scientist's role in the continuing conflict between man and his pathogens in the following terms:' Science gnaws irregularly away at the lump of the unknown, and the undigested portions are temporarily bridged over by theories. Moreover, the face of nature and of civilization is steadily changing and thereby changing the host-parasite relations. That is to say, we must go on so as not to go backward.
This morning I plan to lay before you a few small crumbs regarding the epidemiology of rubella recently separated from the lump of the unknown, crumbs that only serve to emphasize the ill-defined and tremendous magnitude of the mother loaf of our ignorance. We will note some unique epidemiological considerations posed by congenital rubella infections and compare the phenomena now established in the instance of rubella with comparable observations earlier reported by us in the instance of congenital infections with the cytomegaloviruses of man. We will be concerned with the fact that for these two quite dissimilar viral agents the human fetus provides a mechanism for the replication and conservation of virus during the months of gestation-an intrauterine hiatus in the cycle of person to person transmission. Thereafter, if the infected fetal host survives the insults of the agent, the process of viral replication may continue following birth, and postnatally the infected infant may disseminate virus into the environment. This process manifests unique host-parasite characteristics, for excretion of virus may continue for months although the host possesses significant levels of humoral antibody.
As you are well aware, present interest in rubella dates from the classic report of Gregg' in 1941, who described 78 cases of congenital cataract observed following an epidemic of German measles. As a consequence, in the past 25 years the entity-first described in the English literature by Matonr in 1815, and termed rubella by Veale' in 1866 who considered the name appropriate because it was "short and euphonius"-has received intensive epidemiologic investigation. Early retrospective estimates of risk of fetal damage after maternal rubella in the first trimester of pregnancy ranged as high as 80 The extent of fetal wastage as a consequence of rubella in the first trimester is often not sufficiently appreciated. The spontaneous abortion rate associated with rubella is 10 to 15 per cent.',"', To this must be added the larger wastage eventuating from the considered use of therapeutic abortion. In the study of Siegel and Greenberg," 42 per cent of pregnant women acquiring overt rubella in the first trimester of pregnancy had undergone therapeutic abortion; in Tartakow's series,' 39 per cent experienced elective termination of pregnancy. It seems probable that in the recent epidemic a comparable, or higher, percentage of pregnancies was electively interrupted.
Accurate assessment of damage attributable to congenital rubella requires serial examination of possibly affected children over a period of many years. This point is emphasized by Sheridan's report" of the third examination of a group of "maternal rubella-children." The group had previously been evaluated by Manson, Logan, and Loy when the children were two years old, and was then re-evaluated between ages 3 and 6 years. Sheridan's investigation, carried out when the children were 8 to 11 years old, detected for the first time 17 cases with significant degrees of deafness in the study population of 227 individuals.
While the consequences of the 1963-64 epidemic will require years for final evaluation, rubella syndrome babies are now much in evidence. Beginning in January 1964, babies were observed in Boston' with cataracts, heart lesions, icterus, hepatosplenomegaly, and hemorrhagic phenomena so characteristic that the house staff coined the term "blueberry muffin" syndrome. Similar fulminant examples of the congenital rubella syndrome appeared in pediatric centers here in New Haven, in New York, and elsewhere along the eastern seaboard. From personal contacts, it is estimated that more than 200 severely damaged babies are under observation. Additional cases reflecting infections acquired in the spring and early summer of 1964 are now accumulating." Apart from the personal tragedy, and omitting lost economic productivity, if one assumes for illustrative purposes an average life expectancy of 50 years and a conservative estimate of $2,000 per year for medical and custodial expenses, the direct tax that will be imposed on society by a group of 200 grossly defective individuals is some 20 million dollars.
As noted in the introductory remarks, virologic and serologic studies on the congenital rubella syndrome have revealed a host-parasite relationship hitherto unsuspected. Our studies,'0 fortunately initiated prior to the 1963-64 epidemic, first focused on determining whether or not congenital rubella induced a persistent antibody response in the afflicted child, i.e., antibody demonstrable at an age when maternally-transmitted antibody should have disappeared. The majority of sera examined were obtained from the Cardiac Unit at the Children's Hospital. One group derived from patients with congenital lesions compatible with the rubella syndrome and with a known history of maternal rubella, and a second group from children with congenital defects not considered compatible with congenital rubella and with a negative history. The coded sera were examined by a rigid direct neutralization technique. Rubella neutralizing antibody was demonstrable in specimens from 11 of 13 rubella-syndrome children, aged 5 months to 6 years, while in the comparable control group only 2 of 20 had specific antibody. Concurrently, Plotkin, Dudgeon, and Ramsay' demonstrated antibodies in children with the rubella syndrome, but lacking a control group could not eliminate the possibility of postnatal infection. Additionally, Selzer'8 reported recovery of rubella virus from a spontaneously aborted human fetus and placenta, an observation we had also made. It, therefore, appeared that the antibody response of the rubella-syndrome infant reflected intrauterine infection and that the fetus was not rendered immunologically incompetent to rubella antigen. Whether or not virus persisted after gaining access to the fetus remained to be settled, as did the time of production and the nature of the antibody induced. However, it appeared that retrospective serologic diagnosis of rubella damage was feasible, a point shortly confirmed by Dudgeon et al. ' Throughout 1963 and continuing into the summer of 1964 we carried out virologic and serologic studies on products of conception obtained after maternal rubella, as recently published.'M Similar studies were in progress in other laboratories, some of which have now appeared in print."l' Several points of epidemiologic importance emerged from our investigations. A total of 116 specimens, representing products of conception from 51 women were examined; virus was recovered from materials from 21 women or 47 per cent. However, for those specimens of which placental tissue and fetal tissues were examined separately with minimal chance of cross contamination, the fetal isolation rate was 22 per cent and the placental isolation rate was 67 per cent. Fetal persistence of virus occurred infrequently when rubella exposure occurred after the first eight weeks of gestation; however, persistent placental infection followed exposures occurring throughout the first trimester of pregnancy.
That the fetus could be infected as a result of an exposure early in pregnancy, and that the virus could persist throughout gestation, and then could be disseminated after birth by the rubella syndrome baby, was first demonstrated in January 1964.' To date, Dr Dr. Horstmann has concentrated on investigations in depth, and her findings in the rubella field, which I hope she will summarize, have anticipated many now in print.
